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DESCRIPTION 



Oxygen Supplying Apparatus 
Technical Field 

The present invention relates to a respiratory oxygen supplying 
apparatus provided with an automatic closing valve which works according 
to the respiratory cycle of a user. More particularly, the present invention 
relates to a medical equipment to be used when a chronic respiratory 
disease patient or the like takes an oxygen inhalation treatment and an 
oxygen supplying apparatus having a function of supplying oxygen or an 
oxygen concentrated gas as a respiratory gas intermittently to the user 
according to the respiratory cycle. 

Background Art 

In recent years, the number of patients who are suffered from 
respiratory diseases such as asthma, pulmonary emphysema and chronic 
bronchitis has a tendency to increase. One of the most effective therapies 
for these respiratory diseases is an oxygen inhalation therapy, and an 
oxygen concentration apparatus by which an oxygen concentrated gas is 
separated directly from the air, or an oxygen cylinder is becoming to be used 
as an oxygen supply source needed for the therapy. In the case where the 
oxygen inhalation therapy is done in a hospital or at home, an 
oxygen-enriched air supplying apparatus of a pressure variable adsorption 
type or a membrane type, or that using solid electrolyte membranes which 
selectively permeates oxygen, or a high-volume fixed-type oxygen cylinder is 
used. 

On the other hand, when a patient goes out for attending a hospital, 
a portable oxygen cylinder is used. Since it is a cylinder for a respiratory 
disease patient to carry, the cylinder should be small-sized and light in 
weight, and high pressure oxygen gas is filled in it so that it can be used for 
a long time. The potable small-sized oxygen cylinder is provided with a 
pressure-reducing valve and has a flow controlling function so that oxygen 
can be supplied to the patient at the flow rate of the prescription. 
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Further, as a method for extending available time, a 
respiration- synchronized oxygen-supplying apparatus which has a built-in 
respiration sensor and an automatic closing valve, and supplies oxygen only 
during inhalation and not during exhalation of a patient has been proposed 
5 by JP-B 3-22185 (JP-B means Japanese examined patent publication), JP-A 

59-8972 (JP-A means Japanese unexamined patent publication) or the like. 

Further, the respiration-synchronized oxygen-supplying apparatus 
does not waste oxygen during exhalation, and it is effective also 
economically, and hence it was proposed to use a respiration-synchronized 

10 oxygen-supplying apparatus also in an oxygen concentration apparatus by 

JP-A 61-131756 or the like. Furthermore, a movable or portable oxygen 
concentration apparatus which can be driven by a buttery was proposed (see 
JP-A 7-136271, JP-A 7-136272, JP-A 2000-325482, JP-A 2002-121010 and 
JP-A 2002-45424), and it is desirable to equip the oxygen concentration 

15 apparatus with a respiration-synchronized oxygen- supplying apparatus in 

order to extend usable time, which is limited by a capacity of the buttery. 

In such a respiration-synchronized oxygen-supplying apparatus, the 
respiration of a user is usually detected by catching nasal respiration with a 
pressure sensor through a cannula. Consequently, there occurs a case 

20 where the respiration is not synchronized when the respiration of a user is 

weak, or contrarily the respiration rate is abnormally large. There is also a 
case where it is not synchronized due to the deterioration of the sensor. 

Further, in a case where the respiration-synchronized 
oxygen-supplying apparatus is used together with a portable oxygen 

25 concentration apparatus, they are sometimes used even during sleeping, in 

which the user sometimes breathes through the mouth, and the respiration 
is not detected by a usual sensor which detects only nasal respiration. In 
such a case, continuous oxygen supply which is independent to the 
respiration of the user may be required. 

30 From this point of view, JP-A 2002*143806 proposes a structure in 

which the first piping system having a solenoid-operated valve and the 
second piping system having a setting material on which a plurality of 
orifices are mounted, and when the first piping system or the second piping 
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system are selected by a switching valve, respiration synchronized oxygen 
supply or continuous oxygen supply can be set in oxygen flow, respectively. 

Disclosure of the Invention 

5 However, differing from a conventional respiration 

synchronized-type oxygen supplying apparatus, a respiration 
synchronized-type oxygen supplying apparatus of the above-mentioned JP-A 
2002*143806 requires a dual piping system consisting of an oxygen 
supplying piping system for continuous flow and that for respiration 

10 synchronized flow. This oxygen supplying apparatus is not preferable 

because the piping construction itself is complicated, and further, from the 
view of portability, because the oxygen supplying apparatus becomes heavy 
and large-sized due to the addition of a passage switching valve, a passage 
closing valve and a controlling system. 

15 The present invention solves these problems and provides a 

respiration synchronized-type gas-supplying apparatus which can be 
miniaturized and has a function for setting flow rate during continuous gas 
supply. 

The inventors of the present invention zealously studied on these 
20 problems and found that the above problems could be solved by providing a 

gas flow-controlling part with an automatic closing valve capable of freely 
controlling the aperture by electric signals. The following apparatus is 
provided based on this finding. 

That is, the present invention relates to an oxygen supplying 
25 apparatus comprising an oxygen generating means, an oxygen- supplying 

means for supplying the oxygen generated by the above means to a user and 
an automatic closing valve placed on the oxygen-supplying passage. The 
oxygen-supplying apparatus is characterized in that the apparatus is 
provided with following units' a respiration sensor for detecting respiration 
30 of the user! a supply method setting means which selects either of 

continuous flow supply and supply in synchronism with the respiration of 
the user; a flow rate setting means for a supply flow rate; and a controlling 
means which controls the aperture of the automatic closing valve 
corresponding to the set value of the flow rate setting means by receiving 
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supply method setting signals in the continuous flow, or opens the 
automatic closing valve on the inhalation starting point based on the 
respiration signal of the respiration sensor and at the same time controls 
the open time of the automatic closing valve corresponding to the flow rate 
5 set value by receiving supply method setting signals in the synchronized 

flow. 

Further, the present invention provides an oxygen supplying 
apparatus characterized in the following- the automatic closing valve has a 
response time not more than 0.1 sec from full close to full open; and further 

10 the diameter of the orifice of the automatic closing valve is not less than 1 

mm (f> and not more than 5 mm 0 . Furthermore, the present invention 
provides an oxygen supplying apparatus according to Claim 1 which is 
characterized in that an oxygen-generating means is a pressure-variable 
adsorption-type oxygen concentrating means provided with an adsorption 

15 cylinder packed with an absorbent which selectively absorbs nitrogen more 

than oxygen and a compressor which supplies pressurized air to the 
adsorption cylinder. 

Brief Description of the Drawings 
20 Figure 1 is a construction drawing of an oxygen supplying 

apparatus of the present invention. 

Figure 2 shows the result of oxygen supply during respiration 
synchronized flow using an oxygen supplying apparatus of the present 
invention. 

25 Figure 3 shows the result of oxygen supply during continuous flow 

using an oxygen supplying apparatus of the present invention. 

Best Mode for carrying Out the Invention 

The present invention relates to an oxygen supplying apparatus 
30 comprising an oxygen generating means, an oxygen -supplying means for 

supplying the oxygen generated by the above means to a user and an 
automatic closing valve placed on the oxygen-supplying passage, and 
further relates to an oxygen supplying apparatus provided with an 
automatic closing valve having a function capable of continuously 



- 5 - 



controlling the aperture by electric signals on a gas flow-controlling part. 

Here, the oxygen generating means is an apparatus capable of 
continuously supplying oxygen, and the examples of the oxygen generating 
means include an oxygen concentrating means of a selectively 
5 oxygen-permeating membrane type, an adsorptive type or an 

electrochemical type with an electrolyte, an oxygen cylinder, a liquefied 
oxygen filled container, and the like. 

The oxygen concentrating means of a selectively oxygen-permeating 
membrane type is an apparatus in which a polymer membrane whose 

10 oxygen permeation coefficient is larger than the nitrogen permeation 

coefficient is placed, and air is supplied under pressure on one side of the 
membrane by a compressor or the like, and concentrated oxygen is taken 
out from the other side of the membrane. The examples of the polymer 
membrane include membranes of polydimethylsiloxane-polycarbonate 

15 copolymer, poly(4-methylpentene-l), polyphenylene oxide, porphyrin 

complex or the like. 

The adsorption-type oxygen concentrating means includes a 
pressurized-type means, a depressurized-type means, and an combination of 
the pressurized-type means and the depressurized-type means. In the 

20 pressurized-type means, oxygen is concentrated by alternately operating an 

adsorption process in which oxygen-concentrated gas is obtained by 
introducing pressurized air using a compressor or the like into adsorption 
beds having a packed adsorbent which can adsorb nitrogen selectively to 
allow nitrogen to be adsorbed in a pressurized state and a desorption 

25 process in which the adsorbent is regenerated by reducing the inner 

pressure of the adsorption beds to allow the nitrogen to be desorbed. In the 
depressurized-type means, oxygen is concentrated by alternately operating 
a process in which nitrogen is adsorbed by introducing atmospheric air into 
adsorption beds under normal pressure and a desorption process in which 

30 the adsorbent is regenerated by reducing the inner pressure of the 

adsorption beds from normal pressure by gas suction with a vacuum pump 
or the like to allow the nitrogen to be desorbed. The adsorbent is 
exemplified by a molecular sieve of crystalline zeolite having selective 
adsorptivity to nitrogen. As the zeolite, a zeolite having a metal element as 

35 a cation is preferable. A concrete example includes the following*, a sodium 
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zeolite which is a 5A-type or a 13X-type zeolite; a lithium zeolite which is a 
X-type zeolite having a SiOjz/AkOa ratio of 2.0-3.0 and at the same time a 
crystalline zeolite at least 88% of whose AIO4 tetrahedral unit associates 
with lithium cation; and the like. 
5 Further, the electrochemical-type oxygen concentrating means 

using an electrolyte is exemplified by the following: an oxygen concentrating 
means in which an oxygen-ion conductive solid electrolyte is used, air is 
supplied on one side of the solid electrolyte by a blower or the like to reduce 
oxygen to an oxygen ion, the oxygen ion is transported to the other side of 

10 the solid electrolyte, and the oxygen ion is oxidized to oxygen; an oxygen 

concentrating means in which a proton conductive polymer electrolyte is 
used, and oxygen is transported from one side to the other side in the same 
manner; and the like. 

The oxygen cylinder is a high pressure cylinder in which the gas to 

15 be used is filled under high pressure, wherein the gas is filled usually at 15 

MPa to 20 MPa of the inner pressure. The liquefied oxygen-filled container 
is a container in which a substance having a gaseous state at room 
temperature is deeply cooled to a liquid state, and the liquefied substance is 
filled in a heat-insulating container. When the liquefied oxygen comes out 

20 from the container through a gas outlet on use, it is gasified by the ambient 

temperature so that the oxygen can be taken out as gas. 

Examples of the respiration sensor for detecting the respiration of a 
user include a pressure sensor, a flow rate sensor, a gas sensor and the like. 
The pressure sensor is a condenser formed with a diaphragm comprising a 

25 conductive film, silicon and the like, and an electrode placed in a state of 

facing the diaphragm. The diaphragm is deformed proportionally to the 
pressure change, and the deformation is detected by the change of the 
electrostatic capacity of the condenser. Thus, the respiration of a user is 
detected by the pressure change in the vicinity of the sensor due to the 

30 respiration. As the flow rate sensor, a heating coil-type flow sensor is used. 

The flow rate is determined from the amount of heat taken out by gas flow 
at the heating coil, and the respiration of a user is detected by the change of 
flow rate determined by this sensor. The gas sensor is exemplified by a 
sensor which uses a semi-conductor or the like whose resistance changes 

35 according to the gas density around the periphery of the sensor, and in 



which the gas density around the periphery of the sensor is determined from 
the changes of the resistance. Thus, the respiration is detected from the 
changes of the gas density of the respiration in a user (the oxygen 
concentration decreases during exhalation). 

An apparatus of the present invention is provided with a supply 
method setting means capable of selecting either of a continuous flow 
supplying method in which oxygen is supplied to a user in continuous flow 
and a synchronized supply method in which oxygen is supplied in 
synchronism with the respiration of a user. Further, it is provided with a 
flow rate setting means capable of setting the flow rate of a prescription, 
that is, the flow rate of oxygen to be supplied to the user. The setting 
signals for these two setting means are taken into a controlling means 
which controls opening and closing of an automatic closing valve, and 
thereby the aperture, open time and timing of the automatic closing valve 
are controlled. This controlling means is an electric circuit capable of 
receiving the above-mentioned setting signals, and calculating and 
controlling the aperture, open time, timing and the like of the automatic 
closing valve according to the setting signals by using a specified circuit. 

When the controlling means receives a supply method setting 
signal for continuous flow, the aperture of the automatic closing valve is 
controlled so that it corresponds to the set value of the flow rate setting 
means. Further, when the controlling means receives a supply method 
setting signal for synchronized flow, the automatic closing valve is opened 
on the inhalation starting point based on the respiration signal of the 
respiration sensor, and at the same time the open time of the automatic 
closing valve is controlled so that it corresponds to the flow rate set value. 

The automatic closing valve is constructed with a spring, an iron 
core having a valve function and an electromagnetic coil which is wound 
around the periphery of the iron core. The iron core keeps the valve in the 
full close state or the full open state by the force of the spring when no 
voltage is applied on the iron core. On the other hand, when an arbitrary 
voltage is applied on the iron core, the iron core is kept at a midway between 
the full open position and the full close position under the balance of the 
forces of the spring and the electromagnetic field induced by the 
electromagnetic coil. Thus, the aperture of the automatic closing valve is 
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controlled, so that the flow rate of the gas passing through the valve can be 
controlled. 

In such an automatic closing valve, a rapid response speed is 
required from the necessity of oxygen supply to a patient as quickly as 
5 possible, and in the case of the gas supply in the respiration synchronized 

method, a response time from the start of inhalation of a patient to the start 
of oxygen supply, that is, from the full close state to the full open state of the 
valve is preferably 0.1 sec or less. When the response time is longer than 
0.1 sec, the gas supply on the start of inhalation is extremely delayed in the 

10 synchronized oxygen supply. More preferably, it is 0.02 sec or less. 

The gas flow rate which is needed by a common user is in the range 
of 250-7000 cm 3 /min. When an adsorption-type oxygen concentrating 
means is used as the gas supplying apparatus, it being difficult to give a 
high pressure to oxygen like the case of a high pressure cylinder, the gas 

15 pressure is usually about 0.1 MPa in a relative pressure at the highest. 

Consequently, in order to enable the control of the flow rate in the above 
range, the diameter of the orifice of the automatic closing valve having an 
aperture controlling function is preferably 0.2 mm 0 to 5 mm <f> . When the 
diameter is smaller than 0.2 mm 0 , it is difficult to obtain the flow rate up 

20 to 7000 cm 3 /min due to a pressure loss. On the other hand, when the 

diameter is larger than 5 mm <f> , the flow rate controlling accuracy is 
deteriorated at the slow flow, that is, at 250 cm 3 /min during a continuous 
flow. The diameter of the orifice is preferably 1-5 mm <j> , and more 
preferably 1-3 mm # . 

25 The use of an aperture controlling-type valve like this enables 

either of synchronized and continuous oxygen supply controls to be 
performed, and it is effective for miniaturizing a respiration 
synchronization-type oxygen supplying apparatus. Enabling a simple 
structure comprising one flow passage and one automatic closing valve to be 

30 constructed, this system affords an easily operable flow passage structure 

and is suitable for miniaturization. 

The oxygen supply method setting means does not care about 
methods such as electric setting or mechanical setting, and any means is 
acceptable so long as it can transmit a selected electric signal to the 

35 controlling means. 
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In the case where the respiration synchronized oxygen supply 
method is selected, the full open state and the full close state are repeated 
by electric signals in synchronism with the inhalation of a user according to 
a set flow rate. The length of the full open state is calculated by a 
5 controlling means according to the process of the respiration 

synchronization method, the set flow rate and the information on the state 
of respiration of the user detected by the sensor. 

The respiration synchronization method is roughly divided into two 
kinds of processes- a fixed saving ratio process and a fixed pulse process. 

10 In the case of the fixed saving ratio process, the time of the full open state is 

set in such a manner that it does not depend on the frequency of respiration 
per unit time of a user, but the total amount per unit time of the gas 
supplied to the user becomes constant, that is, when the respiration rate is 
small, the time of the full open state per one inhalation is made long, and it 

15 is shortened in inverse proportion to the increase of the respiration rate. 

Thus, the saving ratio of the gas can be kept constant regardless the 
respiration rate of the user. 

In the case of the fixed pulse process, the length of time of the full 
open state for one inhalation is kept constant independently of the 

20 • respiration rate, and the total amount of the gas to be supplied to a user per 
unit time is increased with the increase of the respiration rate. In this case, 
the expected value of the saving ratio decreases with the increase of the 
respiration rate of the user. The method of the present invention can cope 
with any of the respiration synchronization processes. 

25 On the other hand, when the continuous gas supply method is 

selected, the aperture of the automatic closing valve is continuously 
controlled by electric signals according to the set flow rate. 

Incidentally, in the case of using an adsorption-type oxygen 
concentrating means as the oxygen supplying apparatus, the pressure of the 

30 oxygen to be supplied varies periodically due to the method of a pressure 

variable type in which adsorption and desorption are repeated. 
Consequently, it is preferable to place a tank for temporarily storing the 
product of oxygen at some place of the oxygen supply piping from the oxygen 
supply means to the automatic closing valve with the object of suppressing 

35 pressure variation. 
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Example 

Hereafter, the present invention will be explained with Fig. 1. 

As an oxygen supply means 1, a pressure-variable adsorption-type 
oxygen concentrating means was used. It was a 4-cylinder-type VPSA 
oxygen concentrator provided with 4 adsorption cylinders filled with 
crystalline zeolite which was a X"type zeolite having a SiCh/AhOa ratio of 
2.0-3.0 and at least 88% of the AIO4 tetrahedral unit of the zeolite was 
associated with lithium cations as adsorbent, wherein the adsorption 
cylinders generated oxygen by serially switching adsorption and desorption 
by using a rotary valve. Here, the pressure of the oxygen generated from 
the adsorption beds varied in the range of 10 kPa to 100 kPa. The 
fluctuation of the pressure was relieved by once supplying the oxygen to a 
tank 2 having a capacity of 300 cm 3 , and then the oxygen was supplied to an 
automatic closing valve 3 having an aperture controlling function. Here, 
the average pressure of the tank 2 was 30 kPa and the width of the 
fluctuation of the pressure became 10-60 kPa. 

As an automatic closing valve 3, a VSO valve (PNEUTRONICS ™ 
Voltage Sensitive Orifice Proportional Solenoid Valve) of VSONC series 
manufacture by Parker Hannifin was used. The speed of response of the 
automatic closing valve 3 was 0.008 sec in terms of the time from the 
sending of an electric signal to the start of opening of the valve. As a 
respiration detection sensor 4, a micro differential pressure transmitter 
KL17-111-30DY manufactured by Nagano Keiki was used. 

The automatic closing valve 3 was controlled by a controlling part 7 
which had taken the information set by an oxygen supply method setting 
means 6 and an oxygen flow rate setting means 5. In the present example, 
a fixed saving ratio process was used as a respiratory synchronization 
method, and the ratio was set at 2/3. The respiration synchronization 
method was selected by the oxygen supply method setting means 6. The 
oxygen supply pattern was determined on TTL model lung manufactured by 
Michigan Instrument with a flow meter under the conditions of the 
respiration rate of 20 per min and the flow rate of 2000 cm 3 /min. The flow 
meter was placed on the air way part of the model lung, and the results of 
the measurement are shown in Fig 2. It was made clear by the figure that 



oxygen supply started at about 0.08 sec from the beginning of inhalation, 
and oxygen was supplied instantaneously responding inhalation. 

On the other hand, a continuous flow method was set by the oxygen 
supply method setting means 6, and the flow rate was determined under the 
same condition as the synchronized flow. The results are shown in Figure 
3. It was made clear by the figure that oxygen was continuously supplied 
under the control of flow rate at 2000 cm 3 /min. Although the data are not 
shown, it is possible to control the flow rate in the range of 250*5000 
cm 3 /min. 

Effect of the Invention 

The present invention provides a respiration synchronized-type gas 
supplying apparatus which has a function for setting the flow rate during 
continuous supply and at the same time can be miniaturized by simplifying 
the structure. 



